SUMmARY Conduction disturbances have been documented after correction of ventricular septal defects by the ventricular route. Recently, repair of the ventricular septal defect has been through the right atrium to overcome damage to the conduction system and a right ventriculotomy.
with 15 of 19 children (78-9%) in group 2. This was a statistically significant reduction in complete right bundle-branch block in group 1. The incidence of left axis deviation occurring with complete right bundle-branch block was similarly statistically reduced. Transient complete heart block and arrhythmias were not statistically different in the two groups.
The atrial approach to the repair of the ventricular septal defect significantly reduced the incidence of complete right bundle-branch block alone and occurring with left axis deviation.
Conduction disturbances after surgical correction of ventricular septal defects have been well documented (Titus et al., 1963; Kulbertus et al., 1969; Downing et al., 1972; Wolff et al., 1970; Godman et al., 1974; Okoroma et al., 1975; Subramanian, 1976; Sigmann et al., 1977) . Surgical technique has been implicated. With the introduction of a new approach for the repair of ventricular septal defect via the right atrium, it was hoped to alleviate the problems caused by damage to conduction pathways. Subramanian (1976) noted that there was an incidence of postoperative complete -right bundle-branch block in 44-4 per cent of patients who underwent surgery by the transatrial approach. Okoroma et al. (1975) The clinical records and operative records were reviewed. The maximum follow-up period was 3 years. All serial preoperative and postoperative electrocardiograms available were analysed for mean QRS axis, QRS duration, PR interval, atrial and ventricular hypertrophy, and arrhythmias. The criteria for left axis deviation were considered to be present if the mean QRS axis was lying between 2400 to 3600 which is to the left of the accepted normal for children (Moss and Emmanouilides, 1973) . Complete right bundle-branch block was present when the duration of the QRS interval was 0-10 s or longer (Guntheroth, 1965 ). We excluded any child who had electrocardiographic criteria for left axis deviation before surgery and all fatal cases as there were no postoperative electrocardiograms available.
Results

GROUP 1
Of 48 children in group 1, 8 died (16.6%) and of 23 children in group 2, 3 died (13.0%), thus overall mortality in the 2 groups was not statistically different. Of 14 patients in group 1 who were less than 6 months of age at operation, 6 died in the early postoperative period ( Fig.) . All had a low cardiac output after operation up to the time of death.
The conduction abnormalities present before and after operation in the 2 groups are compared in Table 1 .
Of the 39 children who underwent surgical correction of the ventricular septal defect through Further analysis of our data indicated that conduction disturbances occurred more frequently in infants less than 6 months of age than in children over 6 months. These figures are compared in Table 2 . Left axis deviation occurred in 75 per cent of infants less than 6 months of age, compared with 25-8 per cent in children over 6 months of age (P < 0 03). Left axis deviation and complete right bundle-branch block occurred in 62-5 per cent of infants less than 6 months of age compared with 6-5 per cent of children over 6 months of age (P < 0-005).
In follow-up over a maximum of 3 years of all these patients with conduction disturbances and transient arrhythmias, there have been no further electrocardiographic changes and no further complications. (Kirklin et al., 1976 There was no correlation between weight, surface area, preoperative symptoms, and duration of operation to account for this mortality figure. Another study from this hospital (Rowe and Trusler, 1977) confirms a mortality of 20 per cent in infants less than 1 year of age repaired via an atriotomy. Comparison of results of various surgical approaches is important to determine optimal repair. Conduction disturbances are a major consideration. Ventricular septal defect repair via an atriotomy was first performed in our hospital in 1973. Thus, the maximum follow-up period for this group is only 3 years. Surgical correction through a right ventriculotomy has been carried out in selected patients since 1955. The presence of other associated cardiac abnormalities has influenced the decision of the approach and this fact is important in analysing our results.
Complete right bundle-branch block has been found to occur in 60 to 100 per cent (Kulbertus et al., 1969; Gelband et al., 1971; Okoroma et al., 1975; Subramanian, 1976 ) of cases of ventricular septal defect repaired via a ventriculotomy. When a right atrial approach is used there is an incidence of 0 to 44-4 per cent (Gelband et al., 1971; Okoroma et al., 1975; Subramanian, 1976) of complete right bundle-branch block. Similarly, our results show a significantly reduced incidence of complete right bundle-branch block with an atriotomy of 33-3 per cent, compared with 78-9 per cent with a ventriculotomy (P < 0O001). The incidence of left axis deviation occurring with complete right bundlebranch block was also statistically significantly -reduced (P < 0 05).
The mechanisms of production of complete right bundle-branch block electrocardiographic pattern with operation has been discussed extensively. Gelband et al. (1971) have implicated the incision through the ventricular muscle causing damage to the peripheral branches of the right bundle-branch. Coggin et al. (1960) and Massing and James (1972) share this view. Kaiser et al. (1970) have described an approach at the time of operation using an Nelectrode probe to localise the specialised AV con-*duction pathways. This mapping technique requires a beating heart and is not adaptable to the child in -whom circulation and cardiac arrest is required.
An alternative explanation which is applicable in at least a proportion of cases is direct injury to the main right bundle in its course over the edge of the membraneous ventricular septal defect. It is intimately related with the posteroinferior portion of such defects (Kirlin et al., 1957; Lev, 1959 Lev, , 1960 Titus et al., 1963) . This fairly constant relation of the bundle to the margin of the orifice seems to explain the high frequency of injury after surgical repair of the defect (Kulbertus et al., 1969) . The -lesions have been shown to be due to suturing, manipulation, and hypoxia (Thung et al., 1962) , localised haemorrhage, traumatic disruption by suture, inflammation, or infarction (Titus et al., 1963; Lev et al., 1964) .
Similarly, direct trauma explains injury to the -right bundle and anterior branch of the left main bundle, producing electrocardiographic findings of complete right bundle-branch block and left axis deviation. Izukawa et al. (1971) and Godman et al. (1974) found that patients with this combination of injuries with a history of transient complete heart block in the immediate postoperative period were at risk for the development of late postoperative complete heart block. In our limited follow-up period of group 1 patients with this pattern, none developed late complete heart block or sudden death. There was 1 late sudden death in group 2, the full details of which are not known.
Our results show a reduced incidence of complete right bundle-branch block and left axis deviation with complete right bundle-branch block when the ventricular septal defect is repaired via a right atriotomy. The high incidence of complete right bundle-branch block after repair of the ventricular septal defect through a right ventriculotomy is probably the result of peripheral injury to the right bundle. The development of complete right bundle-branch block with left axis deviation after a ventricular septal defect repair through the atrium must be considered central in origin. The introduction of ventricular septal defect repair through the right atrium has statistically reduced the incidence of bifascicular block. 
